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Introduction

In 1991, during the fifth consecutive year of drought in California, the State Legislature
passed Assembly Bill 12x (Costa), which provided over 15 million dollars to be used, by the
Department of Fish and Game, to "...minimize the effects of the 5-year drought on ecological
systems and to maintain and protect threatened and endangered species." Of that amount,
$597,966 was encumbered in a contract with The Nature Conservancy to provide emergency
drought relief for rare, threatened and endangered plants and their habitats.

The Nature Conservancy hired a Recovery Planner and support staff to administer the
contract and to carry out the tasks associated with this portion of the Drought Relief Program.
These staff worked closely with the Department’'s Endangered Plant Program to identify those
projects and methods which would make the most effective use of the Drought Relief funds.

Drought and California’s flora

Drought is a natural phenomenon in California. As such, it has occurred repeatedly during
the evolution of most of this State’s native plant species. For most native species, a prolonged
drought may result in the loss or reduction of entire populations, but typically will not result in the
loss of the species itself. In California, however, as a result of pressures from an increasing human
population, more than 220 plant species are now State or Federally listed as Rare, Threatened or
Endangered. The health of these species is poor. Typically they have been eliminated from the
much of their historic range, few extant populations remain, and those populations that do remain
may occur in degraded or low-quality habitat. For a common species, the combination of multiple
populations occurring-in-a variety of habitats will act to buffer the species- from-the effects-of extreme
episodic events (e.g. fire, flood, drought) which may destroy populations in one area or habitat type,
but which will rarely strike all populations with equal force. For plants threatened with extinction, that
buffer no longer exists.

For these reasons, the drought relief program for threatened and endangered (T&E) plants
focused on maintaining and enhancing the overall health of the species and their habitats. Our goal
was to improve the ability of these plants to persist through this drought, to increase their resilience
to future environmental stresses, and to reduce the need for intensive management of their
populations in the future. Improving the health of a species may mean stabilizing or increasing the
number of individuals, number of populations, or range of a species. This usually requires an
understanding of those factors responsible for their overall decline; factors which may range from
encroaching weedy nonnative species, to water diversions, to destruction of the habitat required by a
specialized pollinator.

Within this broad goal of improving species health, The Nature Conservancy and the
Department sought projects that:

(1) Employed management practices resulting in longterm benefits to species and their
associated ecosystems. Although shortterm emergency measures, such as supplemental
watering, are needed in some cases, we emphasized activities which would maintain or
improve the health of the habitat and therefore its ability to sustain the target species under
varying conditions. Habitat restoration included such activities as removing or controlling
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nonnative species, increasing the water-holding capacities of degraded vernal pools, and
constructing fences which would allow control of grazing or other activities needing
regulation.

(2) Complemented existing conservation strategies. We worked cooperatively with over 25
agencies and organizations in carrying out drought relief activities for threatened and
endangered plants. Coordinating our activities with other agencies and with existing recovery
plans was important to the success of the projects and increased the effectiveness of our
limited funds.

(3) Improved our ability to assess species’ health and to respond effectively under similar
drought conditions, should they reoccur in the future. One of the primary difficulties in
managing rare plant species is the lack of information available on their biology and
population dynamics. In many cases, no thorough pre-drought population censuses were
available to help managers assess the response of the species to the continuing drought. In
other instances, information on the species response to land use practices (e.g. grazing)
during drought were unknown. Just as a doctor must measure vital signs before providing
emergency treatment, so biologists must assess the status and health of endangered species
in order to develop sound recovery strategies. Thus, assessment became an important part
of many drought relief projects, both to plan a course of action and to evaluate the
effectiveness of restoration efforts.

Results of Specific Projects

The objectives, methods and results of the specific projects are summarized on the following
——pages. Reports, as well as photos, newspaper articles and other materials-that provide greater
detail on these projects are housed at the Department of Fish and Game’s Endangered Plant
Program.

Conclusions

The results of the Drought Relief program for threatened and endangered plants are
impressive. Over a two year period, we've completed over 30 different projects throughout the
State, benefitting at least 28 State or Federally listed plant species. Through our commitment to
coordinate our efforts with other agency and academic biologists, we were able to gain the
equivalent of almost $100,000 in matching funds and in-kind services for these projects. The
projects described in this report were carried out on over 15 different Wildlife Areas and
Ecological Reserves managed by the Department, as well as on public lands managed by the
California Department of Parks and Recreation, the Department of Defense, Bureau of Land
Management and the US Forest Service.

As impressive as these figures may be, they represent only a- small step in the mission to retumn
California’s threatened and endangered plant species to healthy levels. Although the rains of 1993
may have signalled the end of California’s latest 5-year drought, many species remain in a
precarious position. |f we're to overcome the need for crisis management of threatened and
endangered plant taxa, we must continue our efforts to assess these species and develop and carry
out sound management activities that will ensure their continued survival.




SPECIFIC PROJECTS

Habitat Enhancement and Management of T & E Plants

Introduction: Because we know so little about the biology of most T & E plants, methods of habitat
management and enhancement are often initially experimental. In addition, the response of a plant
species to habitat manipulations may vary depending on the other environmental factors influencing
the plants simultaneously (e.g. drought). The objective of this part of the Drought Relief Project was
to support pilot projects which will help us effectively manage T & E plant species in their native
environments, especially under drought conditions.

Methods/Results: We chose projects which would provide practical information for the
management of threatened and endangered plant species, which required only minimal Drought
Relief funds, and which involved matching funds or in-kind services from other agencies or
organizations.

Vegetation Management for Owens Valley Checkerbloom. Owen’s Valley Checkerbloom is an
endangered perennial plant which grows only in the wet meadows of Owen’s Valley. The prolonged
drought has resulted in lower groundwater table levels in the Owen’s Valley leading to drier soil
conditions in checkerbloom habitat and increasing competition for water from encroaching shrubs.
For this project, The Nature Conservancy, Department of Fish and Game, and the Bureau of Land
—Management (BLM)-entered into a-Cooperative Agreement-to-undertake-experimental-vegetation
management activities to enhance checkerbloom habitat. The objective of the project was to
determine if vegetation removal had any effect on plant vigor and seedling survival and to compare
two methods of removing vegetation: (1) by hand, through clipping and shrub removal, and (2) using
controlled burns. In 1993, biologists from DFG and BLM established plots at the manipulation sites,
mapped and recorded the number of checkerbloom plants and measured soil water potential and
temperature within the plots, manually removed competing vegetation, and conducted controlled
burns with the assistance of BLM fire staff. Monitoring in Spring 1994, revealed a significant decline
in seedling recruitment from 1993 to 1994, but no differences between control and treatment
(vegetation removal) plots. The much lower precipitation in 1994 than in 1993 was probably
responsible for the observed decline. Monitoring of these plots for several more years to determine
the influence of the treatments on the Checkerbloom.

Soil seedbank, germination, and genetic variation experiments for Springville Clarkia, Lyon'’s
pentachaeta, and Humboldt milkvetch. These three endangered species are all annuals with
population sizes that may fluctuate dramatically from year to year, depending on precipitation
patterns. Each of these species has an extremely limited distribution: Humboldt milkvetch occurs
only in Humboldt County, Springville clarkia is found only in Tulare County, and Lyon’s pentachaeta
grows within a 10 to 15 square-mile area on the borders of Los Angeles and Ventura Counties. The
projects were carried out by University or College professors and graduate students.

The Humboldt milkvetch project involves determining whether dormant soil seedbanks exist in areas
where the plant no longer seems to be present. Because this plant is now known from only one
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ridgetop location, it was hoped that surrounding areas where it was previously recorded, would still
support dormant seeds in the soil. Sites where the plant had previously occurred were identified
through discussions with the owner of the ranch where the milkvetch grows. Over 180 soil samples
were collected from these sites and sorted in the lab to locate milkvetch seeds. Only 8 seeds were
found in the 180 samples. Apparently, either the soil seedbank which remains from past populations
is depauperate or the location of previously recorded populations was not accurately identified. A
future phase of the project, funded by The Nature Conservancy, will involve sampling over a larger
area, but at lower intensities.

Lyon’s pentachaeta is a small annual of the Sunflower Family (Asteraceae) that grows in openings in
chaparral and other shrublands. Other annual herbs of this community are known to maintain
dormant seedbanks in the soil that may carry populations through periods of environmental
extremes, such as prolonged drought. A knowledge of the effects of fire or seasonal cues on
germination will help us determine the likelihood of a soil seedbank for this species and the
conditions which may promote high germination in the field. For this project, seeds of Lyon’s
pentachaeta were subjected to 12 different treatments consisting of combinations of chilling, heating,
exposure to charate, smoke, varying light/dark regimes, and varying temperatures. A substantial
proportion (40-60%) of the seeds tested germinated without any fire-related cues (heat, charate,
smoke) and germination was similar across a broad range of temperatures. The germination tests
will continue over a 12-month period and later tests will involve seeds that have been buried to
simulate field conditions.

For Springville clarkia, researchers explored genetic variation and seed germination. Tissue
analyses from plant material collected from several populations in 1993, show that there is less
genetic variation than expected between populations of Springville clarkia, when compared to other
- ——plant species with-similar life-history characteristics. - This suggests-that either-there-is currently
significant gene flow occurring between populations or that populations have only become distinct
from one another in the recent past. Germination tests show that fresh seeds exhibit some
dormancy when compared to one-year old seeds found in old seed capsules still attached to the
plants. This, in turn, suggests the possibility of a dormant soil seedbank; in fact, soil samples that
were collected from three populations in late spring (after germination but before seed dispersal) did
contain viable seeds which germinated under moist greenhouse conditions. One portion of this
study which was to compare pre- and post-drought genetic variation in a population could not be
conducted, as seeds that had been collected eight years ago, and were to serve as the pre-drought
sample, failed to germinate. Although this reduced the scope of the project, it did provide valuable
information on the longevity of the seeds (or lack thereof) under room-temperature storage
conditions. »

The effects of Spring vs. Fall buming on annuals in chaparral habitats. Controlled burning is often
used as a vegetation management activity to reduce fuel loads and to improve wildlife habitat in
chaparral communities. Because of the extreme wildfire danger in the Fall, however, land
management agencies sometimes conduct controlled burns in the late winter or spring, during the
season of active growth for many California plants. This project was initiated by the Forest Service
and researchers at San Francisco State University to determine how annual chaparral species differ
in their response to spring and fall burns. More than six other agencies and organizations also
contributed funding to the project. Although no T & E plant species were included in this study,
there are over 70 State-listed species that occur in chaparral habitats throughout the State; their

4




seasonal response to burning is likely to be similar to the common herbaceous species of chaparral
examined in this study.

Study plots have been set up, soil samples collected and greenhouse germination comparisons are
underway. The Spring controlled burn was carried out successfully in Mendocino National Forest in
1993, however due to personnel and weather problems, the Fall burn did not take place that year; it
has been rescheduled for 1994. Final results of this project will be available in late 1995.




Recovery Activities for Clara Hunt’s Milk Vetch

Introduction: Clara Hunt's milk vetch (Astragalus clarianus) is an endemic annual forb currently
known from only four locations in Napa and Sonoma counties. One of the Napa populations was
seriously damaged in 1990 when the drought-exposed lakebed of Lake Hennessy was excavated to
expand the capacity of the reservoir. The stockpiled soil was inadvertently dumped on what was

- then considered to be the largest extant population of the milk vetch. The objective of this project is
to promote the recovery of this damaged population and to assess the health of other populations of
this species.

Methods: The bulk of the stockpiled topsoil was mechanically removed from the damaged Lake
Hennessy site in 1991. Some additional soil was removed by hand over several visits in 1992.
Invasive species were inventoried at the site from February to May 1993 and one test plot for exotics
control was set up. Because Lake Hennessy is a public water supply, the use of herbicides as a
treatment method was not permitted. Dense goatgrass was clipped twice, once in May and again in
June 1993.

Population censuses were conducted at all sites in 1993 and repeated for Lewelling and Lake
Hennessy in 1994. Soil samples were taken from all four sites and analyzed for physical properties,
pH, and nutrient supply. Slope, aspect, and plant associations were described for all sites and
rainfall data were collected from the closest field station for three of the sites.

A small pollinator exclusion experiment was conducted in 1994 to determine if the species is capable
of self-pollinating.

Results: With the exception of Leweliing, all populations have shown a 40-50% decrease from the
counts made in 1992. After the stockpiled soil was removed, the Lake Hennessy population
rebounded with 325 plants. However, it decreased to 156 plants in 1993 and there are now from 8
to 22 different weedy species invading the site. The Alpine site decreased 40% from 4433 plants in
1992 to 2660 plants in 1993, while Bothe dropped only slightly from 109 to 101 plants. Lewelling
showed a 500% increase from 1992; however, this is an artifact of the different survey methods
used in 1993.

Soils were acidic at all sites and parent material was either serpentine or basalt or a combination of
both. Preliminary observations indicate that only about one half to one third of flowers produce fruit.
Results of the pollinator exclusion experiment suggest that the milkvetch is able to produce seeds in
the absence of pollinators. It was not possible to determine if isolated flowers produced fewer seeds
than open-pollinated flowers (a sign of inbreeding depression), due to high seed predation rates in
the open-pollinated plants. Some evidence of herbivory and predation of fruit were observed.

Recommendations: Additional restoration activities suggested for the Lake Hennessy site include:
removal of the remaining topsoil, additional exotics control, installing signage at the site, and
development of an annual monitoring program. Protection and management efforts which would
assist in the recovery of this species include: 1) conducting a limited control burn at the Bothe site,
2) negotiating a landowner protection agreement for the Lewelling site, and 3) conducting additional
research on such topics as reproductive biology, effects of grazing, and the extent of the soil seed
bank.




Loch Lomond Vernal Pool Habitat Protection Program

Introduction: The Department of Fish and Game’s Loch Lomond Ecological Reserve consists of a
single, 8-acre, high-elevation vernal pool in Lake County. This unique vernal pool supports the only
known population of the State-listed Loch Lomond button-celery (Eryngium constancei). Although
the land for the Reserve was purchased more than 6 years ago, we still know little about the button-
celery’s biology, population size or ability to withstand severe climatic conditions. This two year
project was undertaken to provide a baseline census of the button-celery population, to identify the
associated flora of the pool, to identify the factors which may inhibit the growth and survival of the
button-celery, and to provide recommendations for management of this unique wetland habitat and
the plants it supports.

Methods: Field surveys were conducted at the Reserve throughout two growing seasons and all
vascular plants were vouchered and identified. The microhabitat of the button-celery was
characterized and observations of herbivory and disease, as well as other factors potentially
affecting growth and survival were recorded. Volunteers were organized and a monitoring system
was developed to estimate the size of the button-celery population in the pool.

Results: Over 170 different plant species were identified from the pool and its adjacent upland
habitat. A grid-based monitoring strategy was developed which can be used in future years to
conduct a very thorough census (like that which was conducted in 1994) or to make quick population
estimates, depending on the need at the time. In addition to the project lead and DFG employees
from Headquarters and Region 3, volunteers from the California Native Plant Society and the US
Fish and Wildlife Service participated in the Spring 1994 census; the post-drought population of Loch
—komond button-celery-in the pool was estimated at over 1.9-million-plants-—Because-the census was
very thorough (a complete count of all button-celery plants in 1 square meter was made every 16
square meters throughout the pool) any significant change in the number of button-celery plants in
the future due to drought, roadway chemical spills, changes in adjacent forest cover, etc., should be
evident. A draft management plan for the preserve was also produced, with the assistance of
Department staff, which focused on protection of the pool’s unique resources.

Recommendations: The button-celery population on the Reserve appears to be vigorous and
healthy at this time. The boundaries of the Reserve extend only a few meters up from the edges of
the pool, however, leaving most of the pool’s forested watershed unprotected. The owner of one
adjacent parcel recently contacted the Department with an interest in selling his property; the
Department is currently considering acquisition of this site. Protection of the rest of the pool's
watershed should remain a high priority. Interpretive signs should also be installed at the Reserve
to educate local people of the pool's value; this may also help reduce vandalism to the Reserve’s
split rail fence which has been partially dismantled in the past.




Chorro Creek Bog Thistle Recovery Project

Introduction: Chorro Creek bog thistle (Cirsium fontinale var. obispoense) was State-listed in
1993. It occurs only in San Luis Obispo County, where its habitats are very localized in springs and
seeps on serpentinite-derived soils. Prior to this project, only 12 sites were known for the species,
and the type locality on Chorro Creek had apparently been extirpated. Little is know of the ecology
of the bog thistle, particularly of the susceptibility of existing populations to environmental stresses,
such as drought. The obijective of this study was to assess the health and threats to existing bog
thistle populations and to investigate the feasibility of reintroduction into historic habitat.

Methods: New populations and potential reintroduction sites were surveyed and mapped within the
historic range of the bog thistle, using geological and hydrological criteria. Sites were prioritized in
terms of potential for permanent protection. Life-history data was collected for a subset of existing
populations, and data on potential threats were gathered for all existing and newly discovered
populations.

Results: A total of 10 populations and subpopulations of the Chorro Creek bog thistie were
discovered, one of which was the presumed extirpated Chorro Creek Reservoir site. At least-5 of 29
sites surveyed for populations of the bog thistle were deemed to have a high potential as
reintroduction sites, based on persistence of water during drought, grazing pressure, and potential
for permanent protection and management. . The protection status, population health, and population
size were determined for the 22 extant populations and subpopulations. Nineteen were judged to be
healthy with stable or increasing population sizes. Seventeen sites are located on private lands, and
at least 6 of these were judged at high risk from development. Appropriation of spring waters
-represents a-threat to-plants-in the-San-Simeon-Creek-area;, and-sites-at-Froom-Ranch are
threatened by active development plans. Ecological and life-history data indicated that while grazing
itself is generally not a threat, trampling by cattle can cause considerable damage and mortality to
plants, and may represent a moderate threat at some sites.

Recommendations: If reintroduction efforts are to be undertaken, consideration of potential sites
should include the following criteria: (1) year-round moist soil conditions, even during dry years; (2)
serpentinite bedrock below the spring; (3) the typical black boggy soils of serpentinite bogs; and (4)
the ability to protect and manage a site. The sites which fit these criteria include two in Poly
Canyon, two at South Street Hills, and several at Cuesta College Hills.




RecoVery of Endangered Wetland Plants in Black Lake Canyon

Introduction: The wetlands of Black Lake Canyon, in San Luis Obispo County, contain two of
California’s most endangered plants, the marsh sandwort (Arenaria paludicola) and Gambell’s
watercress (Rorippa gambellii). Because of the extreme rarity of these species, immediate efforts
were needed to assess their health during the drought and to ensure their survival in the face of this
and other environmental stresses. The purpose of this project was to assess the current status of
these species, explore methods of propagating them to increase seed reserves (for future recovery
activities), characterize their habitat, explore their reproductive biology and the possibility of dormant
seeds in the soil seedbank. Matching funds for the project were provided by a National Science
Foundation Grant awarded to the Principle Investigator at UC Santa Barbara.

Methods: The number of individuals of both species were estimated at Black Lake Canyon in 1993,
Micropropagation of the species was also initiated in 1993 using cuttings from wild plants which were
rooted in the greenhouse and later further divided. Soil core samples were collected from the
populations on four separate occasions, from June 1993 to March 1994 and were placed under
conditions appropriate for seed germination. Associated species were identified within the
populations and preliminary studies of the potential breeding system of Gambell's watercress were
conducted in 1993 and augmented in 1994.

Results: In 1993, only 10 marsh sandwort plants survived to flower at the Black Lake Canyon site,
while more than 50 plants of Gambell's watercress matured. Seeds of both species germinated from
the soil samples that were collected in 1993, suggesting that a soil seedbank exists which may
provide a small reserve for these populations during periods of drought or other climatic extremes.
——-The-plants from the soil samples-and the individuals which developed from-the single-cutting grew
vigorously in the greenhouse throughout the winter of 1993/94, but failed to flower, even when
subjected to various temperature and light regimes in the growth chambers, greenhouse, and
outside. Plants of both species are still being grown at SBSU in an effort to induce flowering.

In the field in 1994, survivorship to maturity of Gambell's watercress seedlings was over 90%,
suggesting that this is not one of the factors responsible for the small population sizes of this
species. Fruit production is as high in plants isolated from pollinators as it is in plants open to
pollinators, indicating that Gambell's watercress is capable of self-pollinating.

Recommendations: These plants remain critically endangered and the failure of plants to flower in
the greenhouse underscores the importance of protecting the habitat in Black Lake Canyon where
populations currently grow. Using the habitat characteristics of the species identified during this
project, suitable habitat near Black Lake Canyon and other historic sites should be searched for
these species. If no additional populations are discovered, altemative methods of inducing flowering
in propagated plants should be explored in an effort to bulk seed.




Monitoring and Management of Drought Affected Populations of Palmate-bracted Bird’s Beak,

Introduction: Palmate-bracted bird's beak (Cordylanthus palmatus) is an endangered annual plant
which grows in alkali ephemeral wetlands of California’s Central Valley. Like other wetland plant
species, the bird’s beak may experience lowered reproductive success during drought years due to
water stress and loss of habitat to encroaching nonnative upland species. The objective of this
project was two-fold: (1) to determine how various environmental factors and management
techniques influence species viability and (2) to produce a simple means of annually assessing
population sizes at the Springtown Alkali Sink. Past monitoring of this species was funded by the
US Fish and Wildlife Service and the Department of Fish and Game. This project received donated
labor from faculty and students at University of Nevada, Las Vegas.

Methods: Using monitoring data collected over the past four years, researchers developed and
tested a simple method of estimating population sizes at the Springtown alkali sink in Alameda
County. Other known populations in the Central Valley were visited and their sizes estimated.
Studies were conducted to identify pollinator species and to determine their role in the reproductive
success of palmate-bracted bird’s beak. Graduate students at University of Nevada analyzed tissue
samples collected from remaining populations of bird's beak in Colusa, Alameda, and Fresno
Counties to determine genetic variability among and within populations. Soil parameters, including
salinity, pH, and profile development were analyzed in an effort to identify which soil factors correlate
with species distribution. The influence of fire on bird’s beak habitat was also investigated by
establishing plots in areas recently burned by a small wildfire.

Results: The simplified monitoring methodology should allow DFG biologists or volunteers to obtain
an accurate estimate of population sizes with a minimum of effort. Populations in the northernmost
part of the bird’s beak range, at Colusa and Delevan National Wildlife Refuges (Colusa Co.) are the
largest, containing 10,000 - 100,000 plants in 1993, while those in the southern end of the species

range at the DFG Mendota Wildiife Area (Fresno Co.) are the smallest with only 400-500 plants.
The Springtown population, centrally located within the range, was the most methodically censused
and contains an estimated 10,000 - 12,000 plants.

Bumblebees (Bombus species) appear to be the primary pollinator of palmate-bracted bird’s beak
and insect pollinators are necessary for successful fertilization and seed production in this species.
Based on the genetic analyses, researchers determined that the southernmost population is
genetically distinct, while the two large northemn populations are quite similar (genetically) to one
another. The central population at Springtown is intermediate. The results of the comparison of
burned and unburned plots in the wetlands suggests that native species in the bird’s beak habitat
are favored by burning; cover of native species in the plots that were burned was almost twice that
found in unburned plots. Finally, researchers found that soil pH and soil profile development best
account for the distributional patterns of the bird’s beak.

Recommendations: Volunteers should be recruited to monitor the bird's beak at the Springtown
Alkali Sink annually, so that accurate assessments of the plant's response to precipitation patterns
can be made. It appears that the use of controlled burns may be a means of restoring bird’s beak
habitat where nonnative species are dense; further investigations are needed in this area,
particularly to determine how the bird’s beak responds to controlled burns conducted during different
seasons and how long the results of a burn positively influence this species habitat. Special
management attention should be focused on the bird's beak population located at DFG's Mendota
Wildlife Area as it appears to be genetically distinct and is one of the smallest populations of this
species in existence.

10




Cuyamaca Lake Downingia Habitat Restoration

Introduction: The inundated portions of the Cuyumaca Valley and the surrounding streams and
swales that drain into them support the Cuyamaca Lake Downingia (Downingia concolor ssp.
brevion), a State-listed endangered plant taxon found nowhere else in the world. Many drainages in
the moist meadow habitat of this species are eroding into deep channels due to past overgrazing,
mining, logging, and water diversions. Continuing erosion of these channels leads to rapid runoff
during storm events, reduced overland flow, and scouring of channel edges, further removing soil;
the Downingia cannot grow where this occurs. In Cuyamaca Lake State Park, some drainages have
been obstructed by the dumping of fill dirt; other channelization is occurring due to excessive horse
use in moist meadows. The objective of this project was to restore drainages and meadows to
increase the habitat available for this endangered species.

Methods/Results: This project was carried out by a Research Scientist and students from San
Diego State University (SDSU), with some assistance from the local Park personnel. An extensive
literature search of the causes of erosion in meadows, methods of erosion control, and the history of
land use and erosion in the Cuyumaca Valley was conducted. Project staff then made an
assessment of the hydrology of the area where Downingia grows in Cuyamaca State Park. Initially,
a plan to restore the drainages around little Stonewall Creek was developed. Although the
appropriate approvals were obtained from the State Park authorities during the planning of the
restoration, due to changes in Park’s personnel during the intervening months it could not be carried
out as planned. Restoration activities undertaken during this contract include:

(a) Introduction of Downingia to unoccupied suitable habitat within its historic range. Seeds

_of Downingia were collected in the spring of 1993 and 1994 from those populations vigorous
enough to withstand seed collection. In Spring 1994, the first seeds were introduced to four
locations on State Park lands, two undisturbed habitats and two restored habitats.

(b) Removal of old road fill from drainages which should be able to support Downingia when
restored. Fill was removed from the drainage of an old homesite within the Park by hand.
Downgia seed from a site downstream was introduced to the restored site in summer 1994.

(c) Installing erosion control devices along two channelized trails in Paso Picacho meadow.
Erosion control devices composed of several different materials (broom corn, bamboo, brush,
and cleaned rice straw) were installed in 1994. In several years, the effectiveness of the
different materials for restoration efforts throughout the Park can be compared.

Recommendations: Monitoring of the Downingia seed introduction sites should continue for several
more years to determine if the taxa becomes established. Using the baseline data gathered during
this project on channel depth, width, and number of scour holes, the effectiveness of the different
erosion control materials should be assessed in two to three years.
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San Diego Vernal Pools Habitat Protection and Restoration

Introduction: Vernal pools provide habitat for State-listed threatened or endangered plant and
animal species throughout California. Unfortunately, they are being lost or degraded by human
activities at an alarming rate. Vernal pools that have been degraded often have diminished water-
holding capacity and are more likely to be colonized by nonnative weedy species than pristine pools,
reducing their ability to support the characteristic native pool flora. During prolonged drought these
effects become more severe and, even in pristine pools, competition from nonnative upland weeds
may increase. The objective of this study was to restore degraded vernal pools in San Diego
County to provide high-quality habitat that could be colonized by sensitive or listed vernal pool
species.

Methods: A 120-acre parcel of vernal pools in need of restoration was identified at the Miramar
Naval Air Station, San Diego County. Road construction and farming or ranching had degraded the
site early this century. More recently, extensive off-road vehicle use had damaged and destroyed
pools.

Aerial photographs were used to identify areas where vernal pools had occurred on the parcel prior
to its degradation. This was followed by surveys of the site to assess the condition of soils and
vegetation, to identify rare species in the pools, and to determine which areas had saturated soils in
the winter or showed evidence of ponding. Based on this information, areas with the appropriate
clay soils or hardpan were chosen for excavation and resculpting, which took place in Fall 1993.

When earth moving was complete, the pools were inoculated with seed salvaged from nearby pools
~ that were being destroyed by development. Approximately 360 boxes of duff and seed were
scattered onto the new pools and mounds. Jute was placed on the mounds to reduce erosion. The
source and amount of seed used in each pool was recorded and the length of inundation and
vegetation establishment in the new pools was monitored throughout the spring of 1994.

Results: Two State-listed species, Otay Mesa mint (Pogogyne abramsii) and Parish’s button-celery
(Eryngium aristulatum var. parishii) were found in intact pool clusters on the site and were also
present in the source seed for the restored vernal pools. Both species were therefore added to the
resculpted pools. During the first spring following resculpting, the waterholding capacity, length of
inundation, and vegetation establishment varied dramatically between pools. Some of the new pools
may need slight recontouring or improved control of erosion during winter storms; monitoring during
the next two years will help determine where additional work is needed. Of the listed species, the
mesa mint survived to reproduce in all of the restored pools to which it was introduced and the
button-celery survived in about 75% of the pools to which it was introduced. Some labor was
donated to this project by the US Navy; the Project Lead (a plant ecologist from San Diego State
University) also recruited student volunteers from SDSU to help carry out many of the restoration
activities. Several students conducted individual study projects at the restoration site during:the
1993-1994 school year. The U.S. Navy will fund continued monitoring of these pools for at least
another three years.

Recommendations: Remedial actions which should be taken to improve the performance of some

pools include: placement of additional jute on the mounds to reduce erosion, additional manual
moving of earth to even the contours of some pools, and weed removal.
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